Interstitial tissue space ITAMIN E and selenium are two important antioxidants, whose presence in the diet of animals is important in preventing serious damage to organs such as brain, liver, skeletal muscles and the heart.1),2) The significance of selenium in humans was recently recognized.
First the Chinese investigators reported on the importance of selenium in prevention of Keshan disease, a form of dilated cardiomyopahy,1),3) and subsequently sporadic cases were reported from other areas.4)-6) Both vitamin E and selenium are believed to exert their effects by preventing damage to the cell membranes and other subcellular membranes by lipid hydroperoxides.1),6),7) In a previous publication Stone et al reported on the effect of vitamin E and Se deficiencies on the plasma lipoproteins. 8) Here we report the responses of the myocardial interstitial tissue space (ITS) and myocardial fiber diameter (MFD) in the normal and deficient rats, using quantitative microscopy.
MATERIALS AND METHODS
Sources of specimens First experiment: Male inbred Fischer-344 rats from Charles River Breeding Laboratories, Wilmington, Massachusetts weighing 80-100g were randomly divided into 3 dietary groups. The chow group (4 rats) was fed on a stock lab chow diet (Rodent Laboratory Chow 5001, Ralston Purina Co., St. Louis, Missouri).
The B group (10 rats) was fed a Torula yeast based diet having very low levels of vitamin E and selenium, but adequate levels of all other nutrients.
The B+E+Se dietary group (10 rats) was fed a diet identical to the B group but supplemented with DL-alpha-tocopherol (500mg/kg of diet at I IU per mg of DL-tocopherol) and 0.4ppm Se (added as sodium selenite). All dietary supplies were purchased from U.S. Biochemical Co., Cleveland, Ohio. Rats were provided ad libitum the Torula yeast based diets and glass-distilled water to which 3ppm chromium (as CrCl3) was added. After 20 weeks on these diets the 4 lab chow rats, 4 rats from the B dietary group and 4 of the B+E+Se group were sacrificed and used for microscopic studies.
Second experiment: Male Fischer-344 rats were started on the experimental diets at a weight of 40-50g in order to decrease the time required to establish vitamin E and/or selenium deficiencies. The rats were randomly divided 
RESULTS
Qualitative microscopic study revealed patchy areas of lesions interspersed with normal myocardium in all specimens obtained from Group III, i.e., rats with vitamin E and selenium deficiency. The lesions consisted of edema, interstitial hemorrhage, pyknosis and infiltration with macrophages and proliferation of fibroblasts (Figs.1, 2) . Occasional areas of coagulation necrosis were noted. Some specimens showed perivascular lesions. The results of ITS and MFD measurements on the 3 groups are shown in Tables I, lipids,1),17),18) selenium is believed to destroy lipid hydroperoxides by being an integral component of the enzyme glutathione peroxidase,1),6),7),15),18) which destroys H202 and lipid hydroperoxides which damage the phospholipids of membranes,6),7) including the cell membranes as well as various subcellular membranes composing mitochondria and the microsomal fraction of the cell.7) Pathology in the skeletal muscles and myocardium due to vitamin E and selenium deficiency has been reported by several authors. Classically, selenium deficiency causes "mulberry heart disease" in cattle due to extensive cardiac hemorrhage.1),2) The myocardial lesions are patchy and diseased myocardium may lay side by side with normal tissue. The reason for the apparent immunity of some cells to pathology in the same organ is not known.1),2) The pathological lesions reported previously in animals deficient in selenium are segmental, ranging from fiber necrosis to vascular damage to myocardial arterioles and capillaries.1),2) Myocardial damage due to selenium deficiency in man consists of myocytolysis, fibrosis, hyaline necrosis, accumulation of droplets of lipofuscin-like pigment in Purkinje fibers, followed by necrosis, hyalinized fibers, pyknotic nuclei, invasion by macrophages and fibrosis.1),3)-6) Ultrastructural studies have shown that myocardial fiber lesions and fibrosis are independent of vascular lesions. The vascular lesions consist of segmental fibrinoid accumulation in vessel walls and scattered fibrin thrombi.
Endothelial cells are initially loosely attached and in the more seriously injured areas they are totally disrupted with insudation of blood proteins into the vessel wall.2) Our study was aimed at a quantitative appraisal of the apparently normal myocardium in the hearts of rats deficient in vitamin E and selenium. In this study it was found that the normal areas of myocardium in the deficient specimens are characterized by a significant contraction of the ITS. Since the mean MFD was unchanged, the reduction of the ITS could not be due to increased MFD. Considering the basic pathophysiology of myocardial damage in selenium deficiency one would have expected an increase in the ITS. However, although this is the case in the damaged areas, the normal areas had less ITS.
ITS consists primarily of interstitial fluids bathing the cells. According to Starling's hypothesis-fluid movement=K(Pc+IIi)-(Pi+IIp). For the ITS to decrease either (Pc+IIi), i.e., the filtering force must decrease or (Pi +IIp), i.e., the absorbing force must increase.
Moreover, the factor K, i.e., the filtration constant of the capillary membrane must be considered.19) Although we do not have data to support or refute any of the above mechanisms, the basic pathophysiological lesion in vitamin E and selenium deficiency, i.e., damage to the capillary endothelial membrane leads us to believe that the ITS decreased in the "normal myocardium" due to one of the following Jpn. Heart J. J anuary 1987
factors: 1) Either the interstitial fluid of the normal areas of the myocardium is absorbed by the adjacent diseased areas having a higher oncotic pressure, thus contributing to their edema, or 2) Before the capillary endothelial damage is severe enough to allow plasma proteins to escape the capillary membrane into the ITS, the interstitial fluids are absorbed by the intravascular compartment, thus leading to its contraction. Once the damage is severe enough, the proteins extravasate and attract fluids to the ITS.
A similar unpublished study on the intertubular space of the renal cortices of these rats has also shown a contraction of the ITS in the apparently normal renal cortices of deficient rats.
